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Abstract² A simple time-domain model for optical pulse 
propagation in a reflective semiconductor optical amplifier (RSOA) 
is described. The RSOA saturation energy, effective carrier lifetime 
and spectral hole-burning parameters used in the model are 
determined using experimental measurements of the input and output 
pulse temporal profiles to the RSOA and least mean-square fitting. 
The model accurately predicts the propagation of 39.6 ps pulsewidth 
variable energy pulses in the RSOA. The model is used to predict the 
RSOA gain dynamics, spatial dependence of the pulse shape and 
dynamic chirp. 
 
Index Terms²reflective semiconductor optical amplifier, pulse 
propagation modeling. 
I. INTRODUCTION 
he semiconductor optical amplifier (SOA), utilized as an 
active nonlinear optical medium, has demonstrated its 
feasibilities in all optical functional applications, such as 
optical switching and wavelength conversion. Reflective 
semiconductor optical amplifiers (RSOAs) utilize a high 
reflective coating on one facet and an anti-reflective coating 
on the other facet to produce a highly versatile gain medium. 
Although its waveguide structure is similar to a conventional 
SOA, RSOAs have a low noise figure and high optical gain at 
low drive currents. RSOAs have shown promise for 
applications in wavelength division multiplexed passive 
optical networks (PONs) and in fiber ring mode-locked lasers. 
[1-3]. It is of interest to model the amplification of optical 
pulses in RSOAs. In this paper we use a simple bidirectional 
pulse propagation model to predict the propagation of 39.6 ps 
pulsewidth input pulses of in a tensile-strained RSOA [4, 5] 
and use least mean-square fitting to  extract the RSOA 
saturation energy, effective lifetime and spectral hole burning 
parameter. 
II. MODEL 
The RSOA modeled has the same structure as the device in [4, 
5], with a length Lof 400 mP  and a highly reflective coating 
applied to the rear facet. The model used is similar to the pulse 
propagation model described in [6], but uses actual RSOA 
device parameters obtained using the detailed model [5].  
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In the slowly-varying envelope approximation, the forward 
and backward propagating envelopes rA  of the optical field (
2A is equal to the optical power) in the RSOA obey  
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where gv  is the group velocity and D  the linewidth 
enhancement factor. The single-pass transit time gvL  is 5.1 
ps. The gain coefficient g  rate-equation is  
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0g is the unsaturated gain coefficient, W  the effective carrier 
lifetime, satE  the saturation energy and H  a spectral hole 
burning parameter. Assuming the RSOA has reflectivities of 0 
and 1 at the input and reflective ends respectively the 
boundary conditions are > @)(exp)(),0( tjtPtA in I   
and ),(),( tLAtLA   . )(tPin is the input pulse power  
and )(tI  is the pulse phase, which is equal to ³ 't dtt0 )(2 QS  
, where )(tQ'  is the pulse dynamic chirp and t = 0 is the 
simulation start time. To obtain a stable numerical solution for 
(1-2), we use the method of [6] whereby two independent 
space-time intervals are defined by  
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with reduced time tvT g  (units of distance). (3) is used to 
transform (1) to 
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The derivatives in (2) and (4-5) can be approximated by first-
order finite differences to give, 
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The step size ML '  , where M is the number of spatial 
steps. '  is also the step size of the reduced time. 3,2,1F  are 
the RHSs of (1-2). The computation procedure is that if the 
state of the system is known at ' nT
,
 where n  is an 
integer, then  the state of the system for the internal spatial 
points )0( Mm  , at ' )1(nT  is given by  
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subject to the boundary conditions given above. In the 
simulations we used 100 M , which corresponds to spatial 
and time step sizes of 4 Pm and 0.051 ps respectively.  
 
III. EXPERIMENT AND SIMULATIONS  
To apply the model to a real system, we experimentally 
determined the temporal power profile of amplified pulses 
from the RSOA when injected with a 10 GHz repetition rate 
stream of optical pulses with a pulsewidth of 39.6 ps at 
various pulse energies. The optical pulses were generated by 
modulating a 1550 nm laser using an electroabsorption 
modulator (EAM) driven by a 10 Gb/s clock signal from a 
pattern generator.  The pulse train power and spectrum were 
measured using a 65 GHz optical bandwidth digital 
communications analyzer and a 0.06 nm resolution optical 
spectrum analyzer. The EAM had a chirp parameter of 0.85. 
The measured input pulse power profile, estimated chirp 
(determined using the chirp parameter and the pulse shape [7]) 
and pulse train spectrum are shown in Fig. 1. The measured 
pulses were used as the input to the RSOA model. The 
simulation time scale was 500 ps and the last pulse was used 
for comparison with experiment and parameter extraction. The 
linewidth enhancement factor used in the model was 1.7, 
which was determined using [8]. The SOA has a round-trip 
internal gain of 15 dB, which corresponds to
13
0 103.4
u mg .  The unknown parameters in the model 
are W , satE and H , which were determined using a least 
mean-squares fit (Levenberg-Marquardt algorithm) between 
the predicted  and experimental output pulse power for input  
pulse energies of 0.00081, 0.0081, 0.026, 0.05, 0.08, 0.13 and 
0.26 pJ The parameter values obtained were ps132 W , 
pJEsat 45.0  and 192.0  WH . A comparison 
between the experimental output pulses and model predictions 
is shown in Fig. 2, showing good agreement between the 
model and simulations. The pulse peak gains are 9.7, 7.3, 4.9, 
3.3, 2.2, 1.1 and -0.5 dB corresponding to the seven input 
pulse energies used. The modeled output pulsewidths increase 
from 39.7 ps to 41.9 ps, over this wide range of saturation 
levels, which are almost the same as the input pulsewidth. The 
model also predicts the increasing asymmetry of the amplified 
pulses with increasing saturation level. A typical predicted 
spatial evolution of the amplified pulse temporal power 
profile, in both propagation directions and gain coefficient 
dynamics are shown in Figs. 3 and 4. The gain and pulse 
dynamics are influenced by the transit time, which determines 
the time that pulses reflected from the end facet collide with 
the forward propagating pulses. This effect is not present in 
conventional SOAs. The model can be used to predict the 
amplified signal chirp and pulse train spectrum as shown in 
Fig. 5. The output pulse chirp profile is reasonably linear over 
the pulsewidth and thereby is amenable to dispersion 
compensation using a suitable length of dispersion 
compensating fiber or a chirped fiber Bragg grating. Fig. 6 
also shows the modeled output pulse chirp for an unchirped 
input pulse. This chirp is also approximately linear and also 
amenable to dispersion compensation.  
 
 
Fig. 1 .Top:  Input pulse power and chirp and Bottom: pulse train spectrum. 
CONCLUSION 
A model for pulse propagation in RSOAs, which predicts the 
amplified pulse temporal and spectral characteristics, has been 
developed and experimentally verified. The model has 
potential applications in optimizing RSOAs and predicting the 
behavior of optical subsystems incorporating RSOAs, such as 
fiber ring lasers and PONs.  
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Fig. 2.Comparison between experimental and modelled output pulses for 
various input pulse energies (labelled in pJ). The pulses are shown on the 
same time axis for comparison. The inset shows a comparison between 
experiment and the model for an input pulse energy of 0.13 pJ. 
 
 
Fig. 3. Spatial evolution, at internals of 100 Pm of a forward (top) and 
reflected (bottom) amplified pulse in the RSOA. The input pulse energy is 
0.26 pJ. The distance is measured from the RSOA input. 
 
 
Fig. 4. Typical RSOA gain coefficient dynamics. The position is 200 Pm and 
the input pulse energy is 0.26 pJ. 
 
 
 
Fig. 5 Top: modelled output chirp (solid line ± output chirp, dashed line ± 
input chirp, thick line ± output chirp with unchirped input pulse, dotted line ± 
output pulse, dash-dot line ± output pulse) and Bottom: pulse train spectrum. 
The input pulse energy is 0.26 pJ. The modelled spectrum has a narrower 
spectral resolution than the measured spectrum. 
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